Williams, Brannan and Lartigue (1987) (Clinical Vision Science, 1, 367-371) reported that poor readers took significantly longer to search letter arrays for a target than did good readers. In addition, they reported that blurring the letter arrays leads to faster search times for poor readers and a loss of the significant differences between the groups seen with unblurred displays. In a recent attempt to replicate these findings, Hogben et al. (1996) (Vision Research, 36, 1503-1507) found no differences in search rates between good and poor readers using unhlurred arrays, and no differences in search rate between the groups when blurred arrays were used. In the present article, we have compared these two research efforts, and a third paper on the same topic, with regard to methodological factors in an attempt to understand how these two different results could occur. It is our belief that the letter spacing employed in the two studies may account for the difference and should be the focus of future studies of the original effect.
One current explanation for dyslexia contends that some poor readers suffer from a sensory deficit which has been characterized in terms of sustained/transient theory (Lovegrove et al., 1986; Williams & Lovegrove, 1991) . Although the sustained (parvocellular) and transient (magnocellular) subsystems operate in parallel, it is believed that the transient system has temporal precedence: it operates preattentively and functions as an early warning system. It performs a global analysis of the incoming stimulus, parsing the field into units and regions and coding the position and movement of objects in space. The transient system may function to direct the sustained system to particularly salient areas where it might be most efficacious to perform a more detailed analysis of the shape and color of objects. The functioning of the sustained system, then, would depend to a degree on the prior output of the transient system. There is evidence that this transient-sustained relationship is different in normal and disabled readers and that disabled readers have a deficient transient system (Lovegrove et al., 1980 (Lovegrove et al., , 1982 Martin & Lovegrove, 1987 (1987) reported that poor readers exhibited longer search time than adults and age-matched good readers. This finding was not surprising, given the similarity between visual search and reading. It has long ben known that the eye movement patterns of poor readers include longer fixation times, shorter saccades, and more regressions (Tinker, 1958; Taylor, 1965; Rayner, 1978) . The unexpected finding in the Williams et al. study was that search times for poor readers were reduced when the displays were blurred with an acetate overlay. This manipulation would be expected to compromise sustained processing more than transient activity. The finding that this manipulation improved search times in poor readers was felt to occur because blurring resulted in a slowing of sustained processing. This retardation of sustained activity re-established the temporal precedence of the poor readers' "sluggish" transient system and permitted more efficient search performance.
In subsequent studies (Williams & LeCluyse, 1990 ), this sort of blurring was found to result in improved reading rate and span of apprehension with full page print. In addition, it was found to improve comprehension in text presented line by line. Most recently, Williams et al. (1995) employed spatial filtering and contrast reduction of search arrays to determine whether the improved search performance noted with blur in poor readers derived from a restriction in spatial frequency content or a loss of contrast. The results indicated that contrast reduction provided benefits to poor readers 1510 M.C. WILLIAMS and J. G. MAY similar to those previously reported by Williams et al. (1987) . Given the success of this technique, we were surprised by the article entitled "Blurring the Image does not Help Poor Readers" by Hogben et al. which appears in this issue. In the abstract to their paper the authors state: "The present study set out to replicate this research with groups of 10-12-year-old disabled and averaged readers but with methodological improvements in the procedure and analysis" (italics ours). It is our contention that the methodological differences between the two studies in question are not improvements, but may, indeed, be the reason for the differences in the results of the two studies.
The stated rationale for undertaking an attempt to replicate the Williams et al. (1987) result involved several concerns on the part of Hogben et al. (1995) . First, they note that in the original study only grouped data were reported and worried that average performance may not have been typical of any individual in the group. We feel this might be a concern in the absence of any reported variance estimates, but Williams et al. (1987) did depict the standard error of the means for the group (although this was not specified in the figure caption or the text). If this is a serious concern for the Williams et al. study, then it must also be a concern for the Hogben et aL study, because they too report only average data for the groups without any depiction of the variance of these measures.
A second concern about the Williams et aL (1987) study involved whether or not the subjects followed instructions and actually scanned the array line by line from the top left to the bottom right. This is certainly a legitimate question, and one that we had concerns about as well. In the more recent Williams et aL (1995) study we did watch the child's eyes during experimental trials and reminded them of the scan pattern expected. We felt that being quite obvious about monitoring the eyes and reminding the children of what was expected did increase compliance, but we were not at all sure that experimenters could actually ascertain whether a child was scanning correctly or not by simply watching their eyes. While Hogben et al. indicate that experimenters did monitor scan patterns during practice trials and they felt that they could reliably detect aberrant scan patterns in adults, it is not clear how eye movements were monitored, or that they were monitored during experimental trials when children might have been under more pressure.
A third concern mentioned by Hogben et al. involves the failure of Williams et al. (1987) to verify that the child actually located the target. This is also a legitimate question and one that we addressed in the later Williams et aL (1995) study. In that study, the child pressed a key to indicate that the target had been located and this caused the array to be removed. The array was then shown again and the child pointed to the letter with a laser pointer. If the experimenter was not convinced that the child knew the row in which the target was contained, the trial was discarded and run again later in the session. Very few trials were discarded, and there were not significant differences in discarded trials among the groups. Hogben et aL attempted to address this problem by replacing the array with a matrix of empty circles and asking the child to use a joy stick to move a cursor to the correct position. They point out that pilot work indicated that children had some difficulty in specifying the target location, even on trials where they were convinced the child had correctly located the target. We have two concerns about this approach. First, two previous experiments (Solman & May, 1990) have indicated that both good and poor readers do not differ significantly in letter naming accuracy but have increasing difficulty in spatial location as targets are moved from fixation into the periphery (6 deg), with poor readers having significantly greater errors. It would be interesting to know whether there were differences in the number of trials discarded for good and poor readers. If this was the case, then poor readers would have more chances to locate some of the letters, since trials were run over if the spatial discrepancy was not within their prescribed limits. The second concern has to do with the possibility of masking of the array and the position information associated with it by the subsequent presentation of the matrix of circles. As Williams et al. (1989) have shown, poor readers exhibit less backward masking and functions with maximum masking nearer zero stimulus-onset-asynchrony (SOA) than good readers. If this was a factor, then good readers might have performed somewhat poorer than expected. Hogben et al. (1996) , do not specify the interstimulus interval which elapsed between the letter array and the matrix.
A fourth concern was that Williams et al. (1987) failed to use arrays containing no target to assess the false detection rates associated with the two groups. We agree that this may have been a valid thing to do and plan to incorporate such controls in the future. It is surprising, however, that no such trials were included in the Hogben et aL (1996) , study either.
The other improvements" offered by Hogben et al. (1996) involve discarding outliers and submitting slope scores to analysis of variance. The former procedure was intended to reduce within-group variance. Neither of these procedures were used by Williams et al. (1987) . Slope scores were not used in the original study because there was concern that slope (or ratio) scores may have the same psychometric problems (low reliability) as difference scores (Dunlap et al., 1989) .
While all of the differences in method and analysis might have contributed to the differences in results between the two studies in question, we feel that a major problem stems from the failure of Hogben et al. (1996) to use the same spacing in the letter arrays as that employed by Williams et aL (1987) . Pilot work for the Williams et al. (1995) study revealed that the search times of poor readers do not differ much from those of good readers if the letter spacing within a row is too great. We failed to find search time differences with arrays in which letters were separated by one letter width, although this was not reported because our main concern in that study was to assess the effects of our manipulations on the slowed performance of poor readers. Both Williams et al. (1987 Williams et al. ( , 1995 studies do include accurate representations of the arrays used, however. Hogben et al. (1996) failed to find significantly slower search times for poor readers. They do not offer examples of the arrays used, but indicate that letters 7 pixels wide were separated by 5 pixels. This spacing is greater than that used by the two studies that report slower search times in poor readers.
In summary, using methods quite similar to those of Williams et al. (1987) , with some of the methodological improvements suggested by Hogben et al. (1996) , we found that poor readers have slower search times and they improve with contrast reduction. Hogben et al. (1996) , using an array that does not result in slower search performance in poor readers, concludes that blurring does not help poor readers. We submit that if letter arrays with closer spacing were used, poor readers would have exhibited slower search times and blur or contrast reduction would have resulted in faster search performance for this group. If we are correct, then the combined results of the studies in question here may point to a far more important remediation technique than blurring or contrast reduction. It seems clear that only small differences in letter spacing may convey significant benefit to poor readers with regard to search performance. We are presently designing experiments to determine if this effect conveys a similar benefit to reading performance in this population.
